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CLAIMS 

What is claimed is: 
1 1. 



2 



An apparatus for drilling a borehole and determining a parameter of interest of a 
formation surrounding the borehole during drilling operations, said apparatus 

3 comprising: 

4 a longitudinal member for rotating a drill bit and adapted to be conveyed 

5 in the borehole; 

a sensor assembly slidably coupled to said longitudinal member, said 
sensor assembly including at least one sensor for obtaining measurements 
8 relating to the parameter of interest; and ^ 

M^erein. when the sensor assembly is held in a noit-rotating position, the 
1 0 longitudinal member is fiee to rotate. 



9 



1 2. 
2 



1 3. 
2 



1 4. 



The apparatus of claim 1 further comprising: 

a flow path between the sensor assembly and the longitudinal member for 



3 allowing the flow ofa drilling fluid. 



The apparatus of claim 1 wherein the sensor assembly further comprises: 

at least one clamping device for engagmg the borehole to clainp the sensor 
3 assembly to the borehole. 



The apparatus of claim 3 wherein the at least one sensor is located on said at least 
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one clamping device. 



1 5. The waratu. of cWm 1 wh««i„ ,he semor «5.n.bly further comprises a, leas. 

2 one .rananitter for sending signals into .he fonnation for ob.aini„g infonmi.i,„ 

3 about the parameter of interest.. 



1 6. The apparatus of claim 3 further comprising; 

2 at least one transmitter located on said at least one clamping device. 



1 7. Theapparatusofclaimlwhereinthesensorassemblyisslidablycoupledtothe 

longitudinal member using at least one guide sleeve sKdably coupled to said 
3 longitudinal monber. 



2 



1 8. TTie ^paratus of claim 1 wherein the longitudinal member is a segment of drill 

2 pipe. 



1 9. The apparatus ofclaiml wherein the longitudinal member is a shaft on a 

2 downhole directional drilling assembly. 

1 10. The apparatus of claim 1 fiirther comprising: 

2 at least one transmitter for transmitting a pulsed radio frequency field. 
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1 U . The apparatus of claim 10 wherein the at (east one sensor comprises a sensor for 

2 obtaining nuclear magnetic resonance measurements. 

1 12. The apparatus of claim I wherein the at least one sensor comprises a sensor for 

2 providing azimuthal measurements and determining a tool face orientation of the 

3 sensor assembly. 

1 13. The apparatus of claim 12 further comprising: 

2 a rotational positioning control device for positioning the sensor assembly 

3 to a desired tool face orientation. 

1 14. The apparatus of claim 1 fiirtiier conq)rising: 

2 a «Wortd«Wce selected fix)m(i) a qiring, and (ii) a hydrauUc cylinder, 

3 said support device fixedly attached to tiie longitudinal member for 

4 lK>l<iing the sensor assembly against gravitational puU and for axial 

5 movement of tibe sensor assembfy. 

1 15. The ^aratus of claim 14 wherein the sxsppott device is a spring, the apparatus 

2 further comprising: 

3 a conduit through said spring device for providing transfer of data and 

4 powCT to and fiom the sensor assembly. 
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I 16. 

2 

3 



The apparatus of claim I further comprising: 

a device for providing a non-continuous movement of the sensor assembly 
relative to propagation of the longitudinal member. 



1 17. The apparatus of claim 16 wherein the device is selected from (i) a belt drive 

2 device, (ii) a chain drive, and (iii) an electrical stepper motor 

118. The apparatus of claim 1 further comprising; 

2 at least one thruster comiected to the sensor assembly for providing axial 

decoupling of the sensor assembly from the longitudinal member and for 
dampening vibrations to the sensor assembly. 



1 19. apparatus ofclaim 18 wherein, when said at least one thruster is comiected 

2 below the sensor assembly, the at least one thruster provides for weight-on-bit 

3 *»ring drilling operations. 



1 20. Theapparatusofclaim 18 wherein, whensaidatleastonethrusteriscomiec^^ 

2 above the sensor assembly, the at least one thruster provides for continuous 

3 ^««*»n8ofadrillstring during drilling operations. 

1 21 The ^paratusofclaim 18 further comprising: 

2 at least one knuckle joint connected to said at least one thruster for 
414-12829-USV2 

38 



3 providing further axial decoupling of the sensor assembly from the 

4 longitudinal member. 

1 22. The apparatus of claim I wherein the sensor assembly is slidably coupled to the 

2 ' longitudinal member using at least two stabilizers slidably coupled to said 

3 longimdinal member and connected to said sensor assembly through at least one 

4 shaft. 

1 23. Tlie apparatus of claim 1 wherein the apparatus is adapted to be conveyed on a 

2 diillstring. 

1 24. The apparatus ofclaiml wherein the q>paratus is adapted to be conv^ed on a 

2 coil tubing. 

1 25. The apparatus of claim 3 wherein the at least one clamping device is selected ftom 

2 ^8roiq>coiisisti]ig of: (i)hydra]]UcaUy<^>erated clamping device, (ii)qni^ 

3 operated clanq>ing device, and (iii) electrically operated clamping device. 

1 26. The iq>paratus of claim 1 wherein the parameter of interest is selected fiom die 

2 group consisting of: (i) resistivity of the formation, (ii) density of the formation, 

3 (iii) compressicnal wave velocity of the formation, (iv) &st shear wave velocity of 

4 the formation, (v) slow shear wav velocity of the foimation(vi) dip of the 
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5 formalion. (vii) radioactivity of the formation, (viii) nuclear magnetic resonance 

6 characteristic of the formation, (ix) pressure of a fluid in the fomiation, (x) 

7 mobility of a fluid in the formation, and (xi) permeability of the formation to flow 

8 of a fluid therein. 



1 27. The apparatus of claim 1 wherein the sensor assembly is adapted to recover a 

2 sample of a fluid from the fomiatioiL 

1 28. A method for detemiining a parameter of interest of a formation surrounding a 

2 borehole while drilling the borehole^ the method comprising 

3 conveying a longitudinal member operatively coupled to a drill bit in the 

4 borehole; 

5 slidably coupling a sensor assembly to said longitudinal member wherein 

6 the sensor assembly includes at least one sensor, 

7 holding the sensor assembly in a non-rotating position for at least a period 

8 of drilling distance while rotating the longitudinal member to drill the 

9 borehole; and 

1 0 obtaining measurements relating to the parameter of interest using the at 

1 1 least one sensor. 



The method of claim 28 further comprising: 

flowing a return drilling fluid through a flow path between the sensor 
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1 29. 
2 



3 



assembly and the longiiudinal member. 



1 30. The method of claim 28 wherein the step of holding the sensor assembly in a non- 

2 rotating position further comprises: 
activating at least one clamping device in the sensor assembly to engage 
the borehole in a first location in the borehole; and 
clamping the sensor assembly in said non-rotating position. 

The method of claim 30 further comprising: 

deactivating the at least one clamping device in thi& sensor assonbly to 

3 disengage the borehole; 

4 "'^^t^e sensor assembly to a second location in the borehole; 
activating the at least one clamping device in the sensor assembly to 
engage the borehole in the second location in the borehole; and 
clamping the sensor assembly in said non-rotating position. 



3 
4 
5 

1 31. 
2 



1 32. The method of claim 30 further comprising: 

2 locating the at least one sensor on the at least one clamping device. 

1 33. The method ofclaim 28 wherein the sensor assembly further includes at least one 

2 transmittor. 
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1 34. The method of claim 30 wherein the sensor assembly further includes at least one 

2 transmitter and fiirther comprising: 

3 locating the at least one transmitter on the at least one clamping device. 

1 35. The method of claim 28 wherein the step of sUdably coupling the sensor assembly 

2 to said longitudinal member further comprises: 

3 slidably coupling at least one guide sleeve to said longitudinal member 
wherein the sensor assembly is slidably coupled to the longitudinal 

5 member using said at least one guide sleeve. 

1 36. The method ofclaim 28 wherein the longitudinal member is a segment of drill 

2 pipe. 

1 37. method ofclaim 28 wherein the longitudinal member is a shaft on a 

2 downhole directional drilling assembly. 

1 38. The method ofclaim 28 wherein the sensor assembly fiirther includes at least one 

2 transmitter and further comprising: 

3 transmitting a radio fi«quency field into the formation. 

1 39. The method ofclaim 38 fiirther comprising: 

2 obtaining nuclear magnetic resonance measurements using the at least one 
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sensor. 



1 40. The method of claim 28 further comprising; 

2 obtaining azimuthal measurements using the at least one sensor; and 

3 determining a tool face orientation of the sensor assembly. 

1 41. The method of claim 40 further comprising: 

2 positioning the sensor assembly to a desired tool fece orientation using a 

3 rotational positioning control device. 

1 42. The method ofclaim 28 further comprising: 

2 fixedly attaching a siq)port device to the longitudinal memben 

3 holding the sensor assembly against gravitational pull using said spring 

4 device; and 

5 providing for axial movement of the sensor assembly using said support 

6 device. 

1 43. The method ofclaim 42 wherein the support device is a spring, the method further 

2 conq>rising: 

3 locating a conduit in said spring device; and 

4 transferring data and power to and from the sensor assembly through said 

5 conduit. 
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1 44. The method of claim 28 comprising: 

2 fixedly attaching a hydraulic cylinder device to the longitudinal member; 

3 holding the sensor assembly against gravitational pull using said hydraulic 

4 cylinder device; and 

5 providing for axial movement of the sensor assembly using said hydraulic 

6 cylinder device. 

1 45. The method of claim 28 wherein the step of holding the sensor assembly in a non- 

2 rotating position further comprises: «r 

3 coiq)ling a stepping device selected fiom the group consisting of (i) a belt 

1 drive, (ii) a chain drive, and (iii) a stepping motor, to the sensor assembly 

2 the stepping device providing a non-continuous movement of the sensor 

3 assembly relative to propagation of the longitudinal member. 



1 46. The metiiod of claim 28 further con^rising: 



2 connecting at least one timister to the sensor assembly 

3 axially decoupling the sensor assembly fiom the longitudinal member 

4 using said at least one thruster; and 

5 dampening vibrations to the sensor assonbly using said at least one 

6 thruster. 
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1 48. 

2 

3 

4 

5 



The method of claim 46 wherein the step of connecting at least one thnister to the 
sensor assembly forther comprises: 

connecting said at least one thruster below the sensor assembly for providing 



I 47. 
2 
3 

4 weight-on-bit while drilling the borehole. 



The method of claim 46 wherein the step of connecting at least one thruster to the 
sensor assembly further comprises: 

connecting said at least one thruster above the sensor assembly for 

providingcontinuousfeedingofadriUstringabove the sensor assembly 
while drilling the borehole. ^ 



1 49. The method ofclaim 46 further conqaising: 

connecting at least one knuckle joint to said at least one thruster for 
providing further axial decoupling of the sensor assembly fiom the 



2 
3 

4 longitudinal member. 



1 50. The method ofclaim 30 fiirther comprising: 

2 connecting at least one lower thruster below the sensor assembly; 

3 connecting at least one upper thnister above the sensor assembly; 

4 axially decoupling the sensor assembly fiom the longitudinal member 

5 using said at least one lower thruster and said at least one upper thruster. 

6 and 
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dampening vibrations to the sensor assembly using said at least one lower 
thruster and said at least one upper thruster. 



1 51. 

2 



1 52. 

2 

3 

4 

5 

6 

1 53. 



The method of claim 50 further comprising: 

extending the at least one lower thruster and contracting the at least 
upper thruster when the sensor assembly is clamped in the non-n>tating 



one 



3 

4 position; and 

5 



deactivating the at least one clamping device in the sensor assembly to 
^ disengage the borehole; and 

contracting the at least one lower thruster and expaiiding the at least 
upper thruster when the sensor assembly is disengage fiom the borehole. 



one 



The method of claim 28 wherein the step of sUdably coupling the sensor assembly 

to the longitudinal member further comprises: 

sUdably coupling at least two stabilizers to said longitudinal member; and 
connecting at least one shaft from the at least two stabilizers through the 
sensor assembly wherein the sensor assembly is slidably coupled to the 
longitudinal member using said at least two stabilizers. 



The method of claim 30 wherein the step of activating the at least one clamping 

2 device further comprises: 

3 locating a processor in tiie sensor assembly; 
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using said processor for activating the clamping device; and 
5 using said processor receiving data from the at least one sensor. 



1 54. The method of claim 28 further comprising: 

2 conveying the longitudinal member on a drillstring. 

1 55. The method of claim 28 further comprising: 

2 conveying the longitudinal member on a coil tubing. 

1 56. ^emethodofcIaimSOwhereintheatleastoneclampingdeviceisselectedfo^ 

2 the group consisting of: (0 hydraulicaUy operated clamping device, (ii) spring 

3 operated clamping device, and (iii) electrically operated clamping device. 



1 57, 
2 



The method of claim 28 wherein the parameter of interest is selected from the 
group consisting of: (i) resistivity of the fonnation. (ii) density of the formation, 
(iu) compressional wave velocity of the formation, (iv) fest shear wave velocity of 
the formation, (v) slow shear wave velocity of the foimation(vi) dip of the 
fomiation. (vii) radioactivity of the formation, (viii) nuclear magnetic resonance 
characteristic of the formation, (ix) pressure of a fluid in the formation, (x) 
mobiUty of a fluid in the formation, and (xi) peraieabiUty of the formation to flow 
8 of a fluid therein. 



3 
4 
5 
6 
7 
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1 58. The method of claim 28 further comprising using a fomiation Huid sampling 

2 device on the sensor assembly to obtain a sample of a Huid from the formation. 
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